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noparticles	 that	 are	 highly	 dispersible	 in	 a	 PAN:P(VP-co-VAc)	 polymer	
blended	gel	electrolyte,	even	after	calcination.	An	optimized	nanocomposite	
gel	 polymer	 electrolyte	 containing	 3	 wt%	 sonicated	 Co3O4	 nanoparticles	
(PVVA-3)	delivers	the	highest	ionic	conductivity	(4.62	x	10–3	S	cm–1)	of	the	
series.	This	property	is	accompanied	by	a	51%	enhancement	in	the	apparent	















Though	 they	 still	 lag	 in	 terms	of	 efficiency	 compared	 to	
more	 other	 solid-state	 photovoltaics,	 the	 theoretical	
price–performance	ratio	of	these	simple	thin-film	devices	
make	 DSSCs	 highly	 attractive	 candidates	 for	 achieving	
global	 grid	parity3	 against	 fossil	 fuels.	Their	wider	 scale	
implementation	has	been	delayed,	however,	by	a	number	
of	critical	 issues	 including	degradation,	cell	 leakage,	dye	
desorption,	thermal	instability,	and	electrode	corrosion—

















GPE	Matrixc	(Solventd)	 σ	/	10–4	S	cm–1	 JSC	/	mA	cm–2	 VOC	/	V	 η	/	%	 ref	
TiO2	(–)e	 PEO/TBP/LiI/I2	(EC:PC:MeCN)	 —e	 3.77	 0.61	 5.05	 54	
TiO2	(2)	 PMMA/KI/I2	(PC)	 1.75	 6.08	 0.62	 2.34	 55	
TiO2	(2.5)	 Agarose/LiI/I2	(NMP)	 4.40	 10.96	 0.55	 4.74	 46	
TiO2	(0.5)	 PVDF–HFP	(MPN)	 21.2	 12.82	 0.68	 5.19	 54	
TiO2	(7)	 PEO:PVDF–HFP/LiI/I2	(DMF)	 7.24	 6.37	 0.71	 2.80	 63	
TiO2	(10)	 PEO/KI/I2	(MeCN)	 1.35	 3.71	 0.76	 1.68	 45	
TiO2	(15)	 PMII/TBP/LiI/I2	(MeCN)	 —e	 9.00	 0.61	 3.74	 48	
	 	 	 	 	 	 	
SiO2	(–)e	 PEO/TBP/LiI/I2	(EC:PC:MeCN)	 —e	 4.19	 0.66	 6.85	 54	
SiO2	(2.8)	 PEGDME-150/TBP/NaI/I2	 4.45	 19.3	 0.69	 6.30	 54	
SiO2	(3)	 PMII/TBP/LiI/I2	(MeCN)	 —e	 8.80	 0.62	 3.63	 48	
SiO2	(7)	 PAN:PVDF/HMII/TBP/LiI/I2	(EC:PC)	 696	 11.60	 0.79	 5.61	 53	
SiO2	(10)	 PU:PPy/NaI/I2	(PC)	 2.68	 3.70	 0.63	 2.49	 57	
SiO2	(10)	 PU:PANI/NaI/I2	(PC)	 2.77	 3.88	 0.72	 3.10	 57	
	 	 	 	 	 	 	
ZnO	(–)e	 PEO/KI/I2	(MeCN)	 —e	 2.10	 0.63	 1.70	 56	
ZnO	(3)	 PVDF:PEO/NaI/I2	(EC:PC)	 83.6	 19.5	 0.62	 7.33	 50	
ZnO	(3)	 PMMA/KI/I2	(PC)	 1.84	 6.05	 0.61	 2.38	 55	
ZnO	(35)	 PMII/TBP/LiI/I2	(MeCN)	 —e	 9.00	 0.70	 4.17	 48	
	 	 	 	 	 	 	
NiO	(3)	 Agarose/LiI/I2	(NMP)	 33.3	 6.20	 0.63	 2.02	 67	
	 	 	 	 	 	 	
Fe2O3	(7)	 PAN:PVDF/	HMII/TBP/LiI/I2	(EC:PC)	 681	 10.40	 0.77	 4.90	 52	
	 	 	 	 	 	 	
Co3O4	(3)	 Agarose/LiI/I2	(NMP)	 42.0	 3.82	 0.69	 1.44	 70	









CN-induced	crystallization	 that	 tends	 to	 increase	overall	
GPE	 resistance	 to	 ion	 transport.39	 Copolymerization	
and/or	physical	blending	of	PAN40–43	with	other	polymer	
chains	such	as	poly(ethylene	oxide)	(PEO),	poly(methyl-




noscale	 morphologies	 can	 naturally	 facilitate	 ionic	 con-
duction	in	PAN-based	GPEs.44	Weak	binding	interactions	
of	 salt	 additives	with	 functional	 groups	 on	 the	 ion-con-
ducting	 polymer	 component	 of	 these	 GPEs	 can	 also	 im-
prove	device	performance	by	maintaining	a	low	conduc-
tion	 band	 edge	 in	 TiO2-based	DSSCs.18,22,26	 Likewise,	 the		
introduction	 of	 nanomaterial	 additives	 such	 as	 metal		
oxides45–57,	 mesoporous	 particles58,59,	 nanoclays60–62	 and	
carbon	nanomaterials63–68	at	low	(e.g.,	<5	wt%)	concentra-
tions	 has	 been	 proven	 to	 augment	 ionic	 conductivity	 in	
nanocomposite	GPEs,	primarily	through	the	formation	of	
a	 conductive	 network	 than	 spans	 the	 polymer	 matrix.	


















of	 individual	 40	nm-sized	nanocuboids.	 (d)	HR-TEM	 image	 of	 sonochemically	 processed	Co3O4.	 By	 comparison,	 (e)	 FESEM	and		
(f)	HR-TEM	images	of	nanoparticles	prepared	without	sonication	form	compact	flakes	(45–136	nm)	with	no	apparent	pore	structure.
Unfortunately,	such	affordable	metal	oxide	additives	still	





treatment	 also	 encourages	 particle	 agglomeration,	 thus	
making	their	uniform	dispersion	more	difficult	to	achieve	
in	GPEs.	Relatively	large	particle	agglomerates	adversely	
affect	 DSSC	 performance71–73	 by	 trapping	 redox	 species	
and	ultimately	limiting	the	rate	at	which	the	sensitized	dye	




We	 identified	 sonochemical	 processing	 as	 a	 simple	 and	
straightforward	technique	that	could	potentially	mitigate	
the	 negative	 effects	 of	 high	 temperature	 calcination	 on	
metal	oxide	nanoparticles.	Acoustic	cavitation	has	already	
proven	to	be	useful	for	controlling	particle	morphologies,	
achieving	 high	 surface	 areas	 and	 inherent	 porosity	 in	
metal	 oxide	 materials.74–78	 This	 approach	 has	 also	 af-
forded	carbon	nanocomposite	materials	with	high	disper-
sity	 in	 various	media.79–81	 Despite	 these	 advances,	 how-
ever,	 the	 technique	has	not	been	applied	 towards	metal	
oxide	additives	in	GPEs	for	DSSCs.	We	hypothesized	that	
the	use	of	high-power	ultrasound	during	the	solvothermal	
synthesis	 of	 metal	 oxide	 nanoparticles	 would	 result	 in	
finer	colloids	that	consequently	yield	smaller,	more	easily	
dispersed	particle	agglomerates	upon	calcination.	As	a	re-
sult,	 these	 sonochemically	 processed	 additives	 would	




nealing	 at	 300	 ºC,	 undergo	 natural	 Oswald	 ripening	 to	








to	 1000	 ºC)	 applied	 by	 others	 to	 eliminate	H2O	 impuri-
ties.82–85	 Different	wt%	 loadings	 of	 sonicated	 nanoparti-
cles	were	 incorporated	 into	 a	 PAN	 host	matrix	 blended	
with	 an	 ion	 conductive	 poly(vinylpyrrolidone-co-vi-
nylacetate)29,81	 (P(VP-co-VAc);	10–3	 S	 cm–1)	 and	 their	 ef-
fects	 on	 ionic	 conductivity	 and	DSSC	 performance	were	
measured.	 We	 have	 shown	 that	 when	 optimized,	 our	
Co3O4-modified	 GPE	 (i)	 displays	 an	 enhancement	 of	 the	
















ylene	 glycol	 t-octylphenyl	 ether)	 (TritonTM	 X-100,	 non-
ionic),	TiO2	(Aeroxide®	P25	(21	nm;	≥99.5%)	and	Aerox-
ide®	 P90	 (14	 nm;	 ≥99.5%)),	 and	 cis-diisothiocyanato-
bis(2,2′-bipyridyl-4,4′-dicarboxylato)ruthenium(II)	 bis-
(tetrabutylammonium)	(N719;	95%)	dye	were	used	as	re-






platinum	 (Pt)	 counter	 electrodes.	 Tetramethylsilane	
(TMS)	and	absolute	ethanol	(EtOH)	was	used	as	received	
from	Fluka,	USA.	
2.2.	 Preparation	 of	 Co3O4	 Nanoparticles.	 This	 study	
took	advantage	of	sonochemical	processing,	 followed	by	
calcination,	 to	 produce	uniformly	 sized	nanoparticles	 of	
cobalt	 oxide	 (Co3O4).	 A	 2	 M	 aqueous	 solution	 of	 NaOH		
(20	 mL)	 was	 added	 dropwise	 to	 a	 stirring	 solution	 of	
Co(OAc)2•4H2O	 (249	mg,	 1.0	mmol)	 in	 deionized	water	





precipitate	was	 formed.	The	 colloidal	mixture	was	 spun	







and	pestle	and	calcined	 in	an	electric	muffle	 furnace	 (JS	
Research	Inc.,	Korea)	under	air	at	300	ºC	for	3	h	to	afford	





microscopy	 (FESEM;	 JEOL	 JSM-7600F,	 Japan)	 and	 high-
resolution	 transmission	 electron	 microscopy	 (HR-TEM;	









been	optimized	with	 respect	 to	 the	NaI/I2	 redox	 couple	
(see	the	Supporting	Information	for	further	details.)	Vary-






uniform	 dispersion	 of	 Co3O4	 before	 finally	 adding	 a		
1:1	w/w	blend	(300	mg)	of	PVP-co-PVAc	and	PAN.	The	re-
sulting	mixture	was	 stirred	 at	 100	 ºC	until	 the	 polymer	
components	were	fully	dissolved,	then	cooled	back	down	
to	 room	 temperature,	 triggering	 gelation.	 The	 resulting	





form	 infrared	 (FTIR)	 spectroscopy	 on	 a	 NicoletTM	 iS10	





25	 ºC.	 GPE	 films	 were	 cut	 into	 approximately	 1.0	 mm2	
pieces	using	a	clean	razor	blade	and	packed	into	a	4	mm	
(⌀)	CPMAS	rotor.	These	NMR	samples	were	then	spun	at	













samples	 were	 sandwiched	 between	 two	 stainless	 steel	
blocking	electrodes	(hole	area,	S	=	2.0	cm2)	to	a	thickness,	
l,	of	2.9	mm.	Temperature-dependent	EIS	measurements	






steady-state	 linear-sweep	 voltammetry	 (LSV)	 experi-
ments	 with	 a	 potentiostat	 (PGSTAT-128N;	 Metrohm		
Autolab,	 The	 Netherlands)	 at	 a	 scan	 rate	 of	 10	 mV	 s–1		
between	±700	mV	at	25	ºC.	The	dummy	cell	used	in	LSV	
studies	 consisted	 of	 GPE	 samples	 sandwiched	 between	
two	 Pt	 counter	 electrodes	 (hole	 area,	 S	 =	 0.2	 cm2)	 in	 a	
Pt|GPE|Pt	 configuration	 with	 a	 spacer	 thickness,	 l,	 of		
48	μm.	
2.4.	 DSSC	 Fabrication	 and	 Characterization.	 See	 Sup-
porting	Information	for	details	on	preparing	the	TiO2	pho-
toanode.	DSSCs	were	 fabricated	by	 sandwiching	 the	de-
sired	GPE	sample	between	a	12	μm-thick	TiO2	photoanode	












and	 10	 mV	 s–1	 scan	 rate.	 The	 illumination	 intensity		
 5 
(100	mW	cm–2)	used	in	all	DSSC	measurements	was	cali-



















for	 bulk	 crystalline	 Co3O4,	 in	 agreement	 with	 standard	
(JCPDS	No.	76-1802)	values.	Considering	the	FWHM	of	the	







of	 a	 crystal	with	 cubic	 symmetry.	 By	 this	method,	 soni-
cated	Co3O4	nanoparticles	in	this	study	are	found	to	pos-
sess	 smaller	 crystallite	 sizes	 (ca.	 10.2	 nm)	 compared	 to	
Co3O4	nanoparticles	prepared	without	sonication	(ca.	11.7	
nm).	 These	 calculations	 imply	 that	 the	 applied	 acoustic	
cavitation	was	effective	at	limiting	the	size	of	metal	oxide	












the	 porous	 flake-like	 structure	 of	 annealed	 Co3O4	 nano-
particles	 that	 appear	 to	 be	 composed	 of	 smaller	 Co3O4	
nanocuboids	(40.9	±	0.3	nm).	HR-TEM	images	(Figure	1d)	
of	the	Co3O4	nanoparticles	further	illustrate	the	cuboidal	




trast,	 FESEM	 and	 HR-TEM	 images	 of	 the	 unsonicated	
Co3O4	(Figures	1e,f)	show	densly	compacted	nanoparticles	
with	 no	 apparent	 porous	 structure.	 Indeed,	 Brunauer–










and	 contact	 with	 the	 polymer	 matrix	 to	 facilitate	 ion	
transport	within	GPEs.	
3.2.	 Co3O4-Modified	 GPEs.	 We	 prepared	 GPE	 samples	
PVVA,	PVVA-1,	PVVA-3,	and	PVVA-5	consisting	of		0,	1,	3,	
5	 wt%	 of	 sonicated	 Co3O4	 solid	 content,	 respectively.	
Please	see	the	Experimental	Section	and	Supporting	Infor-
mation	for	further	details	on	GPE	optimization.	GPE	sam-
ples	 consisted	 of	 Co3O4	 nanoparticles	 dispersed	 in	 a		
matrix	containing	a	50:50	ratio	of	a	1:1	w/w	PAN:P(VP-co-
VAc)	blend	and	the	NaI/I2	redox	couple	along	with	PC	and	
EC	 as	 small	 molecule	 plasticizers.	 Room	 temperature		
gelation	 of	 the	 viscous	mixtures	 resulted	 afforded	GPEs	
(Figure	 2a)	 that	 were	 pliable	 yet	 mechanically	 robust	
thanks	to	the	structural	stability	offered	by	the	PAN	com-
ponent.	 Increasing	 the	 sonicated	 Co3O4	 content	 beyond		
5	wt%	was	found	to	impede	gelation,	presumably	due	to	a	
higher	concentration	of	nanoparticle	aggregates	interfer-













chromic	 shifts	 of	 the	 GPE	 lactam	 C=O	 stretches	 suggest	
that	metal	 complexation	 is	 taking	 place,	 i.e.,	 through	 an	
















sonicated	 Co3O4-modified	 GPEs	 PVVA-1,	 PVVA-3	 and	








nanoparticle	 additives.	 Increasing	 the	 solid	 content	 of	
sonicated	Co3O4	nanoparticles	from	1	wt%	to	3	wt%		(i.e.,	
PVVA-3)	 reduces	 the	 degree	 of	 crystallinity	 in	 GPEs,	 as		
evidenced	by	broadening	of	the	overall	peak	area	centered	
at	 2θ	 =	 28.4º	 and	 a	 reduction	 main	 peak	 intensity.		
Conversely,	raising	the	solid	content	of	sonicated	Co3O4	to	
5	wt%	in	PVVA-5	seems	to	re-establish	the	main	peak	area	
and	 intensity,	 suggesting	 that	 nanoparticles	 coalesce	 to	
form	more	crystalline	domains	within	the	GPE	matrix	at	
(and	 above)	 this	 concentation	 threshold.	 On	 the	whole,	
these	data	reveal	that	the	introduction	of	3	wt%	sonicated	
Co3O4	to	PVVA-based	GPEs	achieves	a	‘sweet	spot’	with	re-








FESEM	micrographs	 taken	of	 the	homologous	GPE	 films	
(Figure	S6)	reveal	that	sonochemical	processing	leads	to	
finer	Co3O4	nanoparticles	dispersions	and	a	more	uniform	
polymer	matrix	 in	 PVVA-3,	whereas	 crystallite	 domains	
can	be	clearly	 identified	 in	 the	FESEM	 image	of	 the	 film	






















vestigate	 the	 ionic	 conductivity	of	GPEs	as	 a	 function	of	
Co3O4	content	and	processing.	Co3O4-modified	GPEs	were	





	 	 σ	=	RI–1S–1l	=	RB–1S–1	 	 (2)	














these	 ionic	 conductivities	 and	 related	 values	 obtained	
from	EIS	measurements	can	also	be	found	in	Table	2.	In-
deed,	 the	phase-optimized	PVVA-3	displayed	 the	 lowest	
bulk	resistance	(RB	=	RI–1d	=	31.7	Ω)	and	highest	ion	con-
ductivity	overall.	The	Nyquist	data	satisfyingly	follow	the	













the	 log(σ)	 of	 GPEs	with	 respect	 to	 inverse	 temperature	
plotted	as	1000/T.	Here,	changes	in	ionic	conductivity	are	
observed	to	be	linearly	dependent.	Their	ionic	conductiv-
ity	 behavior	 can	 thus	 be	 expressed	 by	 the	 Arrhenius90	
equation:	




modified	 GPEs	 are	 homogenous	 (as	 far	 as	 ion	 mobility	






Figure 3. (a) Room temperature impedance spectra reveal a marked increase in resistance towards ion mobility for the sonochemically 
enhanced GPE PVVA-3 versus its homologue containing 3 wt% unsonicated Co3O4 nanoparticles, evidenced by a lower Z′ intercept. The 
linear relationship between log(σ) and inverse temperature in the (b) Arrhenius plots are indicative of a charge-hopping ion transport 
mechanism within the GPEs. (c) Linear sweep voltammograms taken at room temperature reveal an 51% enhancement in the apparent 
diffusion coefficient of triiodide species (𝐷$%%
&'
–
) within the optimized PVVA-3 sample versus PVVA and its unsonicated homologue.  
(d) J–V curves of Co3O4-modified DSSCs show enhanced photovoltaic performance over an unmodified cell, where the device containing 
PVVA-3 outperforms all other devices in the study. DSSCs were operated under AM1.5G at an illumination intensity of 100 mW cm–2. 
	
Table	2.	Electrochemical	Impedance-Derived	Properties	of	GPEs	




PVVA	 0	 40.5	 3.57	 0.144	 2.19	
PVVA-1	 1	 37.2	 3.89	 0.137	 2.71	
PVVA-3	 3	 31.3	 4.62	 0.128	 3.30	
PVVA-5	 5	 36.8	 3.93	 0.136	 2.81	












peratures,	 the	 Arrhenius	 behaviour	of	 our	 GPEs	 is	 pre-
served,	 demonstrating	 the	 structural	 contributions	 of	 a	
PAN	 blend	 to	 limit	 segmental	 motion91,95,96	 of	 polymer	
chains	within	the	host	matrix.	With	respect	to	Ea,	Co3O4-




polymer	 chains	 which	 in	 turn	 facilitate	 ion	 hopping	
through	the	quasi-solid-state.	The	rise	in	Ea	from	PVVA-3	
to	PVVA-5	can	be	attributed	to	the	fact	that	higher	weight	
percentages	 of	 Co3O4	 nanoparticles	 can	 lead	 to	 the	 for-
mation	 of	 larger	 nanocrystalline	 aggregates,	 which	 ulti-
mately	cane	impede	ion	diffusion	by	disrupting	access	of	
ions	to	the	vacant	sites	of	the	host	lattice.		




















)	 	 	 (4)	
where	Jlim	is	the	steady-state	photocurrent	density,	l	is	the	
GPE	thickness,	n	is	the	number	of	electrons	(i.e.,	n	=	2),	F	

















range,48,55,63	 calling	 attention	 to	 the	 general	 advantage	






ter	 electrode	 between	 two	 transparent	 FTO	 substrates.		
J–V	curves	of	the	as-prepared	DSSCs	were	measured	and	
are	provided	 in	Figure	3d	above.	From	Table	3	below—




chemically	 processed	 Co3O4	 nanoparticles	 in	 the	 PVVA	
host	matrix—up	to	16.2	mA	cm–2	in	PVVA-3.	On	the	other	
hand,	 the	 presence	 of	 3	wt%	unsonicated	nanoparticles	






eration	 of	 ions	 in	 the	GPE	or	 differences	 in	 photoanode	
characteristics.	On	the	other	hand,	improved	dye	regener-
ation	kinetics,	which	are	ultimately	influenced	by	the	effi-
ciency	 of	 ion	 diffusion	 and	 charge	 transport	 within	 the	
electrolyte	 layer,	can	 lead	to	 increased	 JSC	values.	 In	 this	
vein,	 the	 apparent	 rise	 in	 JSC	 here	 can	be	 reasonably	 at-
tributed	to	ion	diffusion	of	the	redox-active	species	across	
a	bridged	nanoparticle	network,	made	more	made	more	
effective	 as	 a	 result	 of	 sonichemical	 processing,	 via	 a	
Grotthus-type	 electron	 hopping–ion	 exchange	 mecha-
nism,	i.e.,		
I–	+	I3–		⇌		I–—I2∙∙∙I–		⇌		I–∙∙∙I2—I–		⇌		I3–	+	I–	 (5)	













cles	 can	 be	 retained.	 This,	 as	 well	 as	 the	 internal	 pore	
structure	 generated	 by	 acoustic	 cavitation,	 enable	 the	
alignment	of	 a	 local	density	of	 I–/I3–	 to	 accelerate	 redox	
couple	 diffusion	 along	 a	 bridged	 particle	 network99	 in	
GPEs.	It	is	this	re-sensitization	of	the	TiO2	photoanode	by	











EIS	 analysis	 via	 Nyquist	 plots	 (Figure	 4)	 of	 our	 devices	
helped	us	gain	a	more	complete	understanding	of	which	
interfacial	processes	may	be	influenced	by	the	presence	of	




DSSCa	 JSC	/	mA	cm–2	 VOC	/	V	 FF	/	%	 η	/	%	 RS	/	Ω	 RPT	/	Ω	 RCT	/	Ω	
PVVA	 13.5	±	0.3	 0.590	±	0.01	 0.383	±	0.01	 2.96	±	0.09	 40.4	±	0.10	 10.50	±	0.05	 92.2	±	0.50	
PVVA-1	 15.1		±	0.2	 0.580	±	0.01	 0.616	±	0.01	 5.33	±	0.10	 32.0	±	0.20	 49.4	±	0.10	 157.0	±	0.50	
PVVA-3	 16.2		±	0.1	 0.610	±	0.01	 0.657	±	0.01	 6.46	±	0.10	 20.70	±	0.05	 41.60		±	0.09	 193.0	±	0.10	
PVVA-5	 15.3	±	0.2	 0.580	±	0.01	 0.640	±	0.01	 5.78	±	0.09	 25.20	±	0.06	 41.30	±	0.04	 180	±	0.20	
PVVA-3		
unsonicated	
















internal	 pore	 structure	 of	 the	 Co3O4	 nanoparticles	 are	
likely	to	mitigate	the	back	reaction	of	electrons	within	the	
TiO2	 conduction	 band,	 therefore	 extending	 the	 effective	
lifetime	and	overall	performance	of	the	present	DSSC	de-











Figure	 5.	 Photovoltaic	 performance	 stability	 of	 DSSCs	 em-







ability	 of	 sonochemically	 processed	 Co3O4	 additives	 to	






interrogate	 the	 relationship	 between	 our	 Co3O4	 pro-







loss	 in	 DSSC	 performance	 for	 the	 device	 employing	 un-
sonicated	 nanoparticles.	 Compared	 to	 that	 of	 the	 DSSC	
based	on	PVVA-3,	which	retained	at	least	83%	of	its	initial	
efficiency,	 the	 unsonicated	 cell	 only	 retained	 13%	 effi-
ciency	after	seven	days.	We	suspect	this	remarkable	reten-
tion	 in	 DSSC	 performance	 for	 sonochemically	 enhanced	
PVVA-3	 has	 to	 do	 with	 the	 finer	 porous	 structure	 and	
higher	surface	area	of	the	nanoparticle	network	slowing	



























particle	network	 for	contiguous	 ion	 transport.	These	at-
tributes	translated	to	a	maximum	photovoltaic	conversion	
efficiency,	 η,	 of	 6.46%	 in	 quasi-solid-state	 DSSCs—the	
highest	 known	 efficiency	 to-date	 for	 a	 Co3O4-modified	










ing	 unsonicated	 Co3O4	 nanoparticles	 showed	 a	 lowered	
photovoltaic	 conversion	 efficiency	 of	 3.99%,	 further	 at-








comparing	 our	 sonochemically	 enchanced	 photovoltaic	
device	 to	 similar	 devices	 reported	 prior,	 especially	 that	
employing	 equivalent	 quantities	 of	 conventionally	 ob-
tained	 Co3O4,	 it	 appears	 that	 including	 a	 sonochemical	
processing	 step	 can	 lead	 to	 a	 greater	 than	 two-fold	 in-













tion;	 FTIR	 data;	 solid-state	 CPMAS	 NMR	 spectra;	 electro-
chemical	 impedance	 data	 of	 PVVA,	 PVVA-1,	 PVVA-3	 and	
PVVA-5	 at	 varying	 temperatures.	 The	 Supporting	 Infor-








Nanoparticle	 synthesis,	 gel	 polymer	 electrolyte	 processing	
and	electrochemical	experiments	were	performed	by	N.M.S.,	
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